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Human polyclonal antibodies (hn^) are useful theiapeulics, but because th^ ate available only f ran Ituman 
donore, tKeir.sipply and appBcatlon la limited. To address this need, we prepared a human artmoled chromo- 
some (HAG) vector containing the entire unreananged sequences of the human bnmunoglotiiMln (h/^) heavy- 
chain [Hi and lambda (A] light-chain locL The HAC vector was introduced into bovine primary fetal fibroblasts 
a microoell-medlatad chromosome transfer (MMCT) approach. Primary selection was carried out, and the' 
cells were used to produce cloned tMvine fetuses. Secondary selection was (iqns on the regenerated fatal cell 
lines, which were then used to produce four healthy transchromosomlc (Tc) cakes. The HAC retained at-a 
high rata (7a-100% of cells) In cidves and the h/jjlod underwent reanangement and expressed tflveisHled tiah- 
' scripts. Human Immunoglobulin proteins were detected In ttie Uood of newtxtm calves. The producBon of To 
calves Is an Important step In the ctefvelopment of a system for pfodudng therapeutte hl^^Bs. 



Despite the substantial need for bPABs to treat many diseases, the 
.supply is lunited to what can be obtained firom human donors. 
Furthermore, the application of hPABs has been iestricted because 
human d<mdn cannot be liyperimmunized, that is» repeatedly' 
l>oosted with antigen. Ihuisgenic animals caitying hig lod could 
provide a source of hPABs, espedally targeted hPAfis resulting from 
hyperimmnni ration with human pathogens or human molecules* 
'Kansgenic mice carrying hlg lod have been created^ and ace useful 
for the derivation of htunan mcnodonal antibody therapeutics''". 

Ihuisgenic cattle carrying hjj^.loci could be useful for larg^ 
volume commerdal production of hPABs. Transgenesis including 
gene targeting*-** in livestock has been reported; however, the pro- 
cedures used are not suhable for. transfer of the hlg loci° ( 1— 1 .5 Mb 
for each locus) because the maximum size, of 0KA that can be 
inserted is very limited (20-100 kb). Mammalian artificial duomo- 
some (MAC) vectors'?"" may be .a better choice because of their 
large insert capadty. Thus far, there have been no reports of the 
transfer of MAC vectors in. .livestodc Furthermore^ human 
microchromosomes are generally mitoticaOy unstably in a foreign 
environment'*^^^ This could be a nmjor obstade in the production 
of transchromosomic cattle, whidi require a' large number of cdl 
divisions for fun term devetopment 

Another potential limitation of using cattle to produce faPABs is 
the difierence in immnnophysiology between cattle and 
humans'^. In humans and mice, bone marrow is the major site 
of origin of all lymphocytes and the location of subsequent B-cdl 
maturation. In contrast, spleen, rather than bone marrow, is die 
presumed site of B-ceU origin and Immuiioglobulin rearrange- 
ment in bovine. Fordiermore, because of a limited number of 



functional V genes in bovine, gene conversion may be an impor- 
tant medumifiin for die generation of diversity, especially Ibrdie 
light cliain^. Gene conversion occnn in the Heal Peyer's patch, 
y^ere B cdU tmdergo proliferation and diversificatioii. These dif- 
ferences could Impede the .functional rearrangement, diversifica- 
tion, and prodncdon of Ugs In catde. 

In this study, we devdoped a system for introducing heavy- and 
light>chain h^Iod into bovine by tramferring a 10 Mb HAC vec- 
tor carrying the lod into primary f^roblast cells and then produc- 
ing cloned cattle from the Tc cells. We also evaluated the retention 
of the HAC through early gestation and the functional rearrange- 
ment, diversification, and e3Cpres.sion of higs in the blood of Tc 
calves. ■ ' 

Results 

HAC transfer into bfyvine fetel fibroblasts and nvdear transfer. 
We constructed two HAC vectors (^HAC and AAHAC), each carry- 
ing both hjg heavy-diain' and X li^t-diain Idd, usmg a. duomo- 
some-doning syst^'f<° (Fig. 1). HAC vectors were introduced into 
bovine primary fetal fibroblasts from CKO dones using an MMCT 
system (Fig. 2). The life-span Emits of bovine primary fibroblast 
cells required that complete antibiotic selection and DNA-based 
screening be avoided after MMCT to minimize ccU divisions 
before nuclear transfer. Instead, we picked colonies on the basis of 
growth and morphology under «decdon and used diem for 
nudear transfer as quiddy as possible. Nevertheless, the cdls were 
useful only for a few days and could not be cryopreserved. Final 
selccdoD was done after the rejtEvenation and esqpanslon of the 
ccUs during the growth of doned fetuses. At '56-58 days, four 
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Table 1. Development of cloned embryos derived IromTc fibroblasts 



HAC 



Nuclear 
ttanafer 



Blfisto cysts 
(%)» 



Blastocyst 
transfer 



Reclplfinta 



Pregnant ^ 
40days(%) 



. Pregnant • 
..•;^0day9(%) 



•Offspring 



A 

ARegenefate 



776 
233 
672' 



83(10) 
122(21) 
62(17) 



64 
56 
61 



32 
28 
37 



16(50} 
13(46) 
8(220 ' 



Fetal recovery 
• Fetal raeoveiy 
6(16) 



O 
1 

6(16) 



FBtal recovery was done between 66 and 119 days of gestatioa Regenerated ceils were produced from Tc fetuses recovered at 
56^6 days of gestatioru 

^Peroantaige of blastooysta was calculated ae 0ie numtier of Uaatocysts per number of fusod donor oetl cooyta oomplaKDs. Aworage 
fiiabn rate in our laboratory WB8 70%. 

•For MHAC nuclear transfferSi one fBtus was not raoovered and ilevetoped to term produdng a Ave healthy calf. For AKAC regen- 
erated cells, sta llwa ealvea were born; tim from een fine 6062 cfld not survive p&st 48 h ^ 



AHAC and two AAHAC fetuses were rcooveicd and fibroblast cell 
lines were regenerated, expanded, and cryopreserved for further 
analysb and nuclear transfer. Efficiency of devdopment to the 
blastocyst stage, to 40 days of gestation, and to term i$ shown in 
legible 1 for Grst-gencradon and rtidoned cells. 

Analysis of cloned Tc fetuses, lb- examine whether the HAC . 
vector was retained through early gestation and whether h/g'loci 
' could be functiohally rearranged and expressed during early B-cell 
development in bovine, we analyzed dpned Tc fetuses coUectied 
.between 56 and 119 days of gestadon. Retention of the HACs in 
the fibroblast lines derived from sue cloned Tc fetuses collected at 
56-58 days and from an additional seven fetuses collected between 
77 and 1 19 days vras evaluated by G4I8 resistance (Fig. 3 A) and by 
genomic PGR of human IgH and hIgX lod (Fig. 3B). Of the 13 
fetuses, 9 were resistant to G418 <4 AHAC and 5 AAHAC) and 8 
showed the presence of both human IgH and IgX lod We evaluate 
ed five positwe 77-1 19-day fetuses for coqyression and rearrange* 
ment of the Ug loci by reverse transtription-'PCR (BT-PQO 
analysis, followed by sequencing of the amplified products. 
Htunan IgH and IgX genes were expressed (Fig. 3C} in all fetuses, 
predominant in spleen, consistent with endogenous bovine Ig' 




Figure 1. Diagram of AHAC and AAHAC construotion. In AHAC 
construction, the hCtir22 fragment (hChrZS), which contains the /gA locus, 
was truncated at the AP000344 locus and a IodkP sequence «w 
integrated atthe HC^Ioous. In AAHAC oonstructlon, the ftixP sequence 
on the hChf22 fragment \«»s Integiated at the AP000553 locus. DT40 
cells containing the hChr22 fragments were fused with DT40 cells 
containing the SC20 fragment (SC20 Is a fiagment of hChr14 and 
contains the 1^ locus), Cre-medisted tianalocalfon resulted in AHAC. 
which contained a 2.S Mb tiQhi22 region, and AAHAC. which oonlalned a 
1 .5 Mb hChr22 regtoh. each fused to the SCZO vector. 



expression (data not 
shown). The sequences 
showed evidence of func- 
tional V(D)J reonnbina- 
tion (Pig. 3D). These 
results demonstrate reten- 
tion of the HAC vector, 
functional V(D) J recom- 
bination, and expression 
of the h{; locus. 

Generation of cloned 
Tc calves. For production 
of cloned Tc calves, the 
three regenerated AHAC 
cell lines (5968, 6032, and $045) were used for redoning. One male 
calf from cell line 6045 and five female calves from cell lines 5968 
and 6032 were produced from 37 recipients (16%, Fig, 4A). Four 
calves survived and were healthy and phenotypically normal 
Retention of the HAC vector was confirmed in all the calves by 
G418 selection (data not shown), genomic PCR (Fig. 4B), and fiu> 
orescent in situ hybridization (FISH) analyses (Table 2; Fig. 4C). 
FI3H analysis indicated that the HAC was retained as an indepen- 
d^t chromosome and that the proportion of cells retaining the 
HAC ranged from 78% to 100%. We observed no obvious difiier- 
ences in retention rates between perq>heral blood lymphocytes 
(PBLs; 91%) and fibroblasts (87%). These data demonstrate that 
somatic-cell redoning strategies can be used to produce healthy 
doned Tc calves and that the HAC vector can be stably maintained 
through the large number of cell divisions m i>ovine derdopmcnt. 

Human Ig gene expression and proton production in Tc calves. 
To deterniine whether hig lod were rearranged and expressed, we 
carried out RT-PCR analysis on PBLs. We Observed expression of 
both human IgJH and J^A genes in the PBLs of all llie calves (data 
not shown). The diversity of the hiiinan IgH and XgX lepertoire 
was detemined by sequence analysis (Ifoble 9). A representative 
set of the sequences showed a wide utilization of Vh/VX, D, and 
jH/jXsegmen ts distributed over the lod. In die IgH transcr^ts, the 
frequent utilization of Jh4 and of V segments from VhI and Vk3 
was observed, similar to patterns in human^.'^^ddition of non- 
gerraline nudeotides (N addition) and nudeottde ddetion were 
also observed in both hIgH and h^^ transcr^>ts. These produced 
a high degree of diversification in the third complementarity- 
determining region of both the hl^ and hIjrA chains. 
Furthermore, hIg proteins were secreted at leveb ranging from 
13 ng/ml to 258 ng/ml (immunoglc^ulin expression is typically 
very tow to undetectable in newborn calves^) in blood samples 
coUcctod before colostrum feeding in five of the seven Tc calves. In . 
the two calves in vrhich' hlg proteins were not detected, bovine 



Table 2. HAC retention In doned Tc calves 


CaHnuinfi»er 


Cell type 


HAC posltlvtf ' 


ir>Mo signals/ 




totalCi4) 


total (%) 


50 


PBL 


50^50(100) 


6^(12) 


50 


Rbroblast 


47/50 (94) 


0^0(0) 


1064 


PBL 


46/50 m 


0/50(0) 


1064 


Rbrot}|ast 


34/39(87) 


3/39(8) 


1085 


PBL - 


38/50(76} 


2/S0(4) 


1088 


Fibroblast 


48/60(82) 


0/60 ((^ 


1066 


PBL 


47/50(94) 


1/50(2) 


10^ 


Rbrobtast 


43/50 (88) 


0/50(0) 


Total 


Combined 


355/309(69) 


12^399(3) 



4; ) 



HetsnOonrate 
analysis using 



detemrined In bolh PBU and nbnbiasta In eadi can by FIGH 
Col-lDNAasaprobe. 
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tnunimoslobiiliii pioteins wax also not detected. Thcae results 
dononstnte that &e hunwn J(gH and JgX lod can be functionalljr 
reamnged and expressed in cattle. 

Dtecussion 

In this study, wc demtjnstTate the production of healthy calves car- 
rying a stable microchramosomai vector encoding human IgH 
and IgX locu functional diversification of the hJg genes, and pro- 
duction of hig protein* To accomplish this, several challenges 
needed to be addressed, including the lack of methods for intro- 
ducing large foreign PNA sequences into catde, the possible 
mitotic instability of a microchromosome vector^ and the substan- 
tia] differences in immune system development between cattle and 
humans. 

MMCT hais been accomplished in mice using embryonic stem 
cells and chimera production followed by germline transmission 
from embryonic stem celMerived germ cdOs*. Mouse embryonic 



FIguro 3. Analyste of To fetuses. (A) Q418 
seteOion of regeneratettTc fibroblast line (tef^ 
and ceMrtA nontransgenic fibroblasts (r^Q. 
(B) Genomlo PGR of /gHand i)^ bid fri Tc fetusos 
and controls. Tne mree fetuses. 5368 (lane 1). 
6032 (tana 2>. end 6045 Cane 3) wor6 dofKraid 
finxn AHAC fibrotilasts; fetus 5S80 (lone 4) was 
derived from AAHAC flbrodasts. As a contra^ a 
nontransgonto fetus (lane N) vwas fsi?OMBred and 
evalualad. Huinan /pHand i^aiod were delected 
by PCH m aD Tc tietuses and tn a posftive-oontiol . 
human Over ONA sample (lane P). but nol In the 
negative oontrol (lane N). (C) Reananged and 
expressed human igix and tgXtranscrtpts 
atnpEfled by RT-PCO from negative<ontrol 
nontiansgenlc bovine sptesn (jane ^l)» from brain 
(lane 1), Over (lane 2), and spleen (lane 3 and 4) 
of tlonedTcfetufi, and from poeitive-control 
human spleen (lane P). (D) A representative 
nucleotide and dediKsd am&io add sequence of 
human lg|i end IgXtranscripte an^fled by RT- 
PCR from a cionedTc fetus reooveied at 99 ds^ 
In the loii transcript. Mue represents the variable 
region aequonce (VH3-11). red represents the 
diversity region (D7-Z7). green represents the 
joining region (JH3) and orange represents the 
constant ragTon. In the IgXtranscrlptblue 
rapTBsenls the variable region sequsrwe (Vl-17), 
red represents the jolnlngTeglon (JlS), and green 
the oonstant region eecpjenoe. 



MWHUBftm'.oon 



figure 2. Procedure for production of cloned To caWes. Structure of AHAC 
(upper lefO Is shown with hChr22 (green) and hChn4 (red) regions 
containing tgX and i^N lod.The centanmere of the HAC Is derived from the 
hChr14 fragmenL The HAC was transtBrretffrom a Cff O clone (CKO/AKAC, 
light blue) Into fetal bovine fibroblasts by means of a MMCT technique. To 
fibroblasts (BF/AHAC, blade patterned) ar>d enucleated oocyte (yettow) 
couplets were fused, resultlng-ln transfer of the ffbrobtost nucleus and 
formation of an embryo. The reconstituted To embryos were cUtuied In Mo 
to the blastoc/st stage and then implanted Into recipient oowe. At *60 days 
of gestation, To fetuses were recovered and To fibrobtast oetl lines ware re- 
estabflshed (regenerated BF/AHAC}, evaluated, and used for furthernucfear 
transfer. Regenerated To embryos ware transferred to rec(plenta to produce 
Tccahras. . 



stem cells him the advantage of an onlimifted life apaa; rapid 
|i;rowth in cultpze, a straightfivward system for dona} propagation 
of traasgenic CQlonies^ and a high rate of contribution 10 die germ 
line in chimeras. Unfcrtnnatelf, embiyonic stem ccOs with similar 
properties have not been derived in other species, indnding cat- 
tle**. it was therefore necessary to use a nuclear traosfier system 
with primary somaCic celU" to produce Tccatde. The iimitation of 
this system is that primary fibroblasts, the cell type of choice, have 
a life »pan of -35 population doublings^ After MMCT, our cells 
were capable of dividing for only about one week tnd could not be 
cryopreserved. Our approach to solving thia problem was to carry 
out incomplete selection after MMCT and complete selection on 
rejuvenated doned cell lineSt and then produce <ilvcs by redoning 
cdl lines. Redoning of transgenic somatic cells and production of 
of&pring has been accomplished in cattle^ with limited success. 
Our results indicate that rejuvenation of cell lines by redoning is a 
viable method for the jproduction.of large numbers of transgenic 
animals and the establishment of cryopreserved transgenic cell 
banks. 

In mice, the SC20 HAC vector is retained in 70^0% of fibrob- 
lasts* and only 30-40% of PBLs (data not shown), revealing limi- 
tations in mitotic stability in a foreign environment Because of 
the niunber of cell dtvisions r^uired for bovine development, the 
retention rate of the HAC was es^ected to be low. However; the 
HAC was retained in all doned calves at a very high rate, bodi in 
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fibroblasts (879^) and PBLs (91%), In our previous stu4y*', the 
mitotically unstable hChr22 fragment was mitotically stabilized 
when its centromere was exchanged with that of the SC20 vector, 
suggesting that the mitotic stability of human microchromosomes 
mi^t be affected by centromeric structure. In this study, ihe 
•unexpectedly high mitotic stability of tlie HAC vector in bovine 
may be <3q>lained by gceater compatibility of the human cen- 



Flgur« 4. Analysis o( cloned To «Jvs& (A) Four doned To calves: mde caH 
(50) from cell line 6045 and femals cahres (1 064, 1 065, 1 066) from cell Rne . 
6968 (B) Gapomte PCR of IgH e^rtd IgX tod In PBLs from doned Tc calvas and 
controls: calf 1 064 (lane 1), 1065 (lane 2), 1066 (tane 3). 50 (lane 4), 1067 
(tane 5), and 1 dBB (lane 6). Both human IgHmd igXiod were detected by 
genomic PCR tn all the Tc catves and positive-control human liver DMA (lane 
P), tyutnot In a negatWa-control nontransgenic calf (lane N). (C) FISH anatysls In 
metaphase chromosome spreads in a con showing a single signal and a cefl 
showing a d6tA)le iB^nal. Arrows Indicate tocatlon of HACs (red) among 
aurrouncflng bovine chfomosomes (t^ue). Aslngto HAG per cell la (ntnoduced and 
retained In most colls (left paneO: howew, Impr^r separaUon of chromatids at 
cen division may result in some cells having two'micrDchrDmosomas (right panel) 
and aome not having a roiqochfoiTtosome. ■ 



tromeric strocture wi^ foctors legtikti]^ cdl division in cattle as 
compared with mice. The high rate of HAC retention shows the 
utility of HAC vectors for stable introduction of foreign genetic 
elements into the genome of catde. 

We have shown diat hf;^ loci can be functionally rearranged and 
escptesscd with nibstantial diversity in cattle despite the differ- 
ences in immunophysiology between catde and humans. Both 
broad usage of VDJ segments and N addition contributed consid- 
erably to hJg diversity in human IgH and IgX transcripts in doned 
Tc calves. Notably, in bovine Ig^ transcripts, N addition is rarely 
observed (data not shown). These results indicate that 
immunoglobulin gene ' diversification may be more related to 
genetic sequence ^an to the environment in ivhich diversification 
occurs. 



Table 3. Repertbltq anatyate <if himum hnmunogtabulln heavy and Archaln transcrtpia In donedTc caivea 



Human |k nudeoticie aequencee 



Vn 
6-1 

TACTGTQCA 

»«a 

AnACTCaTTQC^GA 
3-15 

ACtOIACCACAGA 
d-66 

TACTQT(XX3AQ 
»1 

TfACTOTQCQAQ 
4<39 

ACTGrrGCGAGACA 
1-69 

TTACTQTGCGAG 
1-8 

ACTGTGCGAQAG 
1-18 ■ 
TTACTQTiQC 
3-20 

TCACTQTGCGAGAA 



N 
0 

6 

. AGAACAAA 
4 

TCTG 
2 

TC 

6 

TTTTGQ 
8 

7QAAAAAC 

7 ■ 

GGGGATG 
.0 



Dh 

DS-24 

AGAGIATQ 

D6-13 

ArAGCAGCAGCTGGIAC 
1)6-16 

ATAGCAGTGGCTGGTAO 

QTAGTACCAGCTGCW 

D2-21 . 

GTQQTGGT 

03^10 

TtlXiGGQAGTTAT 
66-13 

GCAGCAGCTGGTAC 

/OTTGrrAGTiBuGllj^OCAaCTQC 

-D6-S4 . 

GAGATGG 

07-87 

ACTQGGGA 



N ' 

3 

AGA 

3 

GAT 
4 

TGQQ 
0 



CACATTTA 
3 

AAT 
1 
C 
12 

CAAGATCGIAAG 

15 . 

Uil IIIGAFCOCCAQ 
1 

*T 



JHS . 

AIGUI 1 1 IQATGTC 
Jh4 

CmTGACTACT 
JRI 

lACTT0CAj3GA 

jiis ; 

QAnSPTTTTQATGTCT- 
<Ih4 

GACTACTOGGQ 
Jh4 

CTACTGBGaCC 
Jh4 

GAC1ACTGGGGC 
JH2 . 

TQGTACTTCGAT 

TTTGACTACTGG 
«|H3 

GATG CI 1 1 IG ATBTCT 



Human Xnudeotlde eeqiiences 



vx 




N 


1-17 


AGOCTGAGTGGTC 


2(rr) 


2-13 


CAGTGGWKCCATCT 


0 


1-16 


CAQOCTGAGTGCTQ 


0 


5-2 


AGCAACTTCX3TGTA 


2 m 


1-7 


GQTAQTAGCACTT 


UC) 


2-18 


CAGTGGTAACX^Ar 


0 


2-1 


G&AiCAGCAGCACT 


0 


1-2 


QQCAGCAACAAnrC 


1<Q) 


1-4 


AQCAGGAQCACTC 




1-4 


AGCAQCAGCACTC 


0 



JXS TTCGGCGGAGQG 
JX2 GGTATTCGGC^GAGQ 
JX1 TCTTCGGAACTGQG 
JX3 GTTCGGCGQAGAG 
JA3 TCGGCQGAGGGA 
JX1 TArQTCTTOGGAACTQ 
JX1 TArGfTCTTCGGAACTG 
JX1 ATGrcrrCQQAACPQ 
JX3 TTCGQCGGAGQ 
JX1 QGAACTQGGA 



Human ji- and X«pegHto mRNAs wore ampOflsd by RT-PCR, 
clones areahown, divided inio VkAO. D. and H segmdnta. 



^, and sequeneed. Nticiootld^ sequancas of VDJ }unc(lona of ead) of ten 
Identified by homotagy to published germlne sequences <lg4LAST). 
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Several challenges remain before our system can be uacd for 
large-scale production of hFABs. Because Tc cattle retain the 
bovine /^g'loci, expression of bovine antibody is expected to domi- 
nate over diat oif human antibody. We have observed this previ- 
ously in Tc mice in which the murine Ig loci were not inactivated 
(data not shown). Fnrtherinoxv; chimeric antibodies containing 
combinations of human and bovine heavy- and light-chain pro- 
teins are expected to be present Therefore, methods of reducing 
bovine Ig expression are probably needed before commercial pro- 
duction of hPABs can proceed in Tc cattle. 

A Tc bovine-^ased system for producing therapeutic hPABs 
>yould have several advantages; (1) catUc could be hyperimmu- 
nixed widi essentially any human pathogen or human moieciU^ 
(ii) cattle produce very lai^e quantities of antibodies; (iii) large 
numbers of antigens could be evaluated quickly because one line 
of genetically modified catde could be used for all antigens; and 
(ev) scale-up of antibody production vrould be as stra%htforward 
as immunizing additional oowi. llierapeutic hPABs produced in a 
Tc bovine-based system may have broad application in the treat- 
ment and prevention of infectious disease (including antibiotic 
' resistant infections), autoimmune disease, and cancer. 

Esiperinnerrtal protocol 

Coiutructioii of HAC vectors. H AGs were constructed using a picvioosly 
described chromosome-doning system^*^ (Tig 1). Briefly, for the construc- 
tion of AHAC, the prcriotuly rcpartcd hChr22 fragment (hC&l22) contain- 
ing a loxP sequence integrated at the HCF2 locus was truncated at the 
AP000344 locus by tefemcre-directed chromosomal truncation. Next, ccD 
hjfbiids were fonned ^ fusing the DT40 ccQ done containing the hCF22 
widi a DT40 cdH done containing the staUe and gcrmliQe-trazismittaMe 
' human microdiromosome vector $C2(L The renilting iyr40 ceQ hybridi 
; contained both hChr fragments. The DT40 hybrids were transfccted with a ■ 
Ck lecombinase expression vector to induce Cre-^axP-roediated duomoso- 
mal translocation between hChr22 and the SC20 vector. The stable transfec- 
. tants were analy2ed using nested PGR to confiim the doning of the 2.S Mb 
:. hChi22 icgion into die foxP-donmg site m the SC20 vector (AHAC). 
. - 'MHAC was constxuCted using the same dumnosome doning system 
•. except that the IrtxP sequence oa hChr22 was integrated into the AP000S53 
locusi creating a 1 5 Mb insert upon Cre-loxP-mediated transIocatiofL 

. HAC vector transfer into bovine fetal iibzoUa&tt. Bovine fetal fibroblaats 
imre cnltnred in a-M£M (life 'ftdinologics* Rockville, MD) medium sup- 
'. plemented wfth 10% (vol/vol) FCS (Ufe Tedinologies) st 37*0 and 596 
CO2. Microcdis were purified fiom the CHO done retaining tbe.AHAC or 
. MHAC as described previous V. Bovine fetal 6brobJasts were fosed with 
■ raicrocells using pol^ethyleDe glycol (PEG 1500, Rodie, Nutley* NJ), and 
the fused cells were selected under 700 fig/ml of G418 (life i)sdin<^ogics) 
.'fiir- 10-14 days. The G4l8-resistant donek were pidced and used for- 
tmdear transfer. 

Nadear transfer. The nuclc&r transfer procedure was carried out .essentlsl- 
; Lj,' ly as described previously^'^. In vitixHmature'd oocytes were enucleated 
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'-I8--2O h posf maturation. Cytoplast-donor cell couplets were fused using 
a single electrical pulse of 2.4 kV/cm for 20 |is (ElectroceU Manipulator 
200. Gcnetioniu» San Diego. CA). At 30 h, post maturation reconstructed • 
oocytes weie activated with calcium ionophore <5 |iM) for 4 min (Cd 
fiiochem. San Diego, CA) and 10 )lg cydohcxhnidc and 2.5 cytbdialasin 
. D (Sigma) ss desatbed earlier". Af^ activation, doned embryos were 
placed in culture in four-well tissue colture plates, containmg irradiated 
mouse feul fibroblasts and OS ml of ACM culture medium covered with 
miaeral ott (Sigma) and incubated at 38.5*C in « 5% COj in air atmos- 
phere. On day 4» 10% (vol/vol) PCS (Life Ifedinologies) was added to the 
culture medium. On days 7 and S. embryos were transferred into syndwo- 
nized redpients. AH aninul work was done following a protocol approved 
by the Thms Ova Genetics (Sioux Center, lA) histiiutional animal case and 
usecommtttife. 

Genomic PCR analyfis. Genomic DNA was extracted fiom Tc fetuses ajt 
56-1 19 days of gestation or from doned newborn cdv^ and subjected to 
rC& using primers I(3HV5 for die human i^hiais and IGLC 'lor the 
human lisA locus, as descried previousty>'. 

KT-PCR and repertoire analyses. Totd RNA was recovered horn spleen, 
Ihrer, and brain of Tc fetuses or from PBLs of Tc calves. RT-PCR was car- 
ried out as described previously^. For hnmaa Ig>t transcripts, VHl/5 
MCK. VH3 BACK, and VH4BA(X were used as a 5' primer and C^-2 was 
used as a 3' primer. For human IgjX transcripts, VXlLEAl, V%2MIX, and 
VX3MIX were used as a'5^ primer^nd CXMDC was nsed at a 3' pdmcx. The 
amplified cDNAs were subdoned by using a lA doning kit (Invitrofeo. 
San Diego, CA) and sequenced using a DNA autosequenccr (ABI370D 
Sequencer, Glaxo Wdlcomc, Herts, United. Kingdom). 

MSH analysts. Digital hnage analysts was done using ^ Mac Probe sys- 
tem (Applied Imaging, Santa CSaTB, CA). HAC painting waS done using 
digoKigcnin-labded (Boehringer Ingleheim» Ridgefield. CT) human Cot-1 
DNA as a probe, and the digozigenin signal was detected with an anti- 
digoxigemn-rhodamine complex that fluoresced red. DAPI (Sigma) was 
used ibr background staining. Standard chromosome and FISH protocols 
were carried out as described'^ ■ 

ELISA analysis for human antibiMly. Plasma samples were obtained from 
Tc calves before they were fed colostrum and human Ig kvds were deter- 
mined by solid-phase EUSA. Hie assay, used a bovine anti-human 
imroanoglobullu as the capture antibody and an HR?-labeled sheep anti- 
bumsn immunoglobulin as die detecting antibody. Amounts of human 
immunoglobulin >10 ngtod were reliabty detected by tins assay. 
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